Background-Timely reperfusion is critical in acute ischemic stroke (AIS) and ST-segment-elevation myocardial infarction (STEMI). The degree to which hospital performance is correlated on emergent STEMI and AIS care is unknown. Primary objective of this study was to determine whether there was a positive correlation between hospital performance on doorto-balloon (D2B) time for STEMI and door-to-needle (DTN) time for AIS, with and without controlling for patient and hospital differences. 
T here are important parallels between the emergent care of acute ischemic stroke (AIS) and ST-segment-elevation myocardial infarction (STEMI). The central tenet of emergency care is the same: timely reperfusion is critical and is associated with better patient outcomes. [1] [2] [3] [4] [5] [6] [7] [8] Both require rapid recognition of symptoms in the prehospital, triage, and emergency department (ED) setting; both require an urgent diagnostic test in the ED before evaluation for time-sensitive therapeutic intervention; and both require expedient mobilization of staff and resources to achieve time benchmarks.
As the time-critical nature of reperfusion for STEMI patients was recognized, targeted national quality improvement efforts, registries such as the American Heart Association's Get with the Guidelines (GWTG), and required reporting by the Centers for Medicare and Medicaid Services (CMS) focused on improving timely treatment with fibrinolysis or percutaneous coronary intervention. 9 Major improvements have been realized, so that now the vast majority of STEMI patients have intervention within the guideline-recommended time window of 90 minutes (door-to-balloon [D2B] time). 10 Likewise, emergent treatment with intravenous tPA (tissue-type plasminogen activator) for AIS patients has more recently become a focus for quality improvement efforts. Guidelines recommend door-to-needle (DTN) time for tPA Hospital Performance on Stroke and STEMI within 60 minutes, 11 and CMS requires reporting on tPA delivery. 12 Recent gains have been made in AIS care, in particular among hospitals participating in the Target: Stroke initiative. 13 Yet despite these guideline recommendations and quality measures, many eligible stroke patients continue to have substantial delays in tPA administration, and some patient groups, hospitals, and regions have particularly high rates of inappropriate delays. 14, 15 Given the similarities in the emergent treatment of AIS and STEMI, there is a lot that can be learned from the STEMI experience in efforts to improve AIS care delivery. 16 Additionally, given the overlap in physical space and staff involved in care, organizational behavior patterns may carry over between the care of STEMI and AIS. However, the degree to which hospital performance on STEMI care correlates with performance on emergent ischemic stroke care is unknown, and factors that may influence overlaps in hospital performance have not been described. Our aims are to examine the correlation between hospital performance on D2B time for STEMI and DTN time for AIS and determine whether a hospital's performance on D2B time for STEMI predicts performance on DTN time for AIS after controlling for patient case-mix differences.
Methods

Data Source
We use data from GWTG-Stroke and GWTG-Coronary Artery Disease (CAD) for the primary analysis. GWTG-Stroke is an ongoing, voluntary, continuous registry, and performance improvement initiative that collects patient-level data on characteristics, diagnostic testing, treatments, adherence to quality measures, and in-hospital outcomes in patients hospitalized with stroke, including ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage, and patients with transient ischemic attack (limited to those presenting with symptoms at time of arrival). GWTG-CAD enrolled patients hospitalized with coronary artery disease including patients with STEMI. Details of the design and conduct of the GWTG-Stroke and GWTG-CAD Program have been previously described. 17, 18 Both registries capture data using a web-based, patient management system with embedded decision support and real-time online reporting features. Trained hospital personnel were instructed to ascertain consecutive patients admitted with AIS by prospective clinical identification, retrospective identification using International Classification of Disease, Ninth Revision, discharge codes, or a combination. International Classification of Disease, Ninth Revision, codes used to identify ischemic stroke hospitalizations included 433.x, 434.x, and 436. Methods used for prospective identification varied but included regular surveillance of ED records (ie, presenting symptoms and chief complaints), ward census logs, and neurological consultations. The eligibility of each acute stroke or transient ischemic attack admission was confirmed at chart review before abstraction. Patient data were abstracted by trained hospital personnel. These included demographics, medical history, initial head computerized tomographic findings, in-hospital treatment and events, discharge treatment and counseling, mortality, and discharge destination. The data abstraction tool included predefined logic features and user alerts to identify potentially invalid format or values entry such as DTN time beyond plausible duration. Sites received individual data quality reports to promote data completeness and accuracy. GWTG-CAD also collects data on patient demographics, medical history, symptoms on arrival, in-hospital treatment and events, discharge treatment and counseling, and patient disposition for consecutive eligible patients presenting to participating hospitals. 19 Additional descriptions of the case ascertainment, data collection, and quality-auditing methods have been previously published.
9,18
Study Population
For this 2-level analysis, we included patients presenting to hospitals participating in both the GWTG-Stroke and GWTG-CAD registries from 2006 to 2009. We limited the study period to these years because the GWTG-CAD registry merged into ACTION-GWTG Registry in 2009. We then limited our study population to AIS patients arriving within 2 hours of symptom onset, who were eligible for tPA, who were not transferred out, and who were not missing DTN time. We excluded patients presenting to sites with fewer than 10 patients treated during the study period. This resulted in a final study population of 1976 ischemic stroke patients treated at 43 hospitals from 2006 to 2009 ( Figure 1A ). To determine hospitals' DTN times, we included AIS patients treated with intravenous tPA. We excluded patients with in-hospital stroke, enrolled in a clinical trial, admitted for elective carotid intervention, and with DTN time >24 hours. To determine hospitals' D2B times, we included patients with STEMI (ie, STEMI or STEMI/non-ST-segment-elevation myocardial infarction unspecified), with a first ECG diagnostic for ST-segment elevation or left bundle branch block, who underwent percutaneous coronary intervention. We excluded patients transferred in, transferred from another ED, who received thrombolytic therapy, with a reason for delay in percutaneous coronary intervention and with a D2B time >24 hours.
Because GWTG-CAD merged into ACTION-GWTG Registry in 2009, we conducted a secondary analysis using STEMI data from Hospital Compare between October 2013 and September 2014 to have the most up-to-date analysis. Data from the Hospital Compare data sets are the official data used by CMS comparing care at >4000 Medicare-certified hospitals in the US Data are freely available at data.medicare.gov. Using the hospital ID, we linked the hospital-level D2B time for STEMI with DTN time for AIS and determined whether the site-level proportion of eligible patients with D2B times within 90 minutes for STEMI correlated with the site-level proportion of eligible patients with DTN times within 60 minutes for STEMI. The AIS study population included tPA-treated patients who arrived within 2 hours of symptom onset, were not transferred out, and were without missing DTN time. We further excluded sites with fewer than 10 AIS
WHAT IS KNOWN
• Previous studies have found modest correlation in hospital performance on cardiovascular care, with correlation in hospitals' performance on process and quality measures for cardiac conditions. • Thus, there seems to be spillover between performance on cardiovascular conditions within hospitals.
WHAT THE STUDY ADDS
• This study found no correlation between hospital performance on D2B time for STEMI and DTN time for AIS. • This held in observed and in risk-adjusted analyses.
• These results suggest that future research should consider how to implement synergistic quality improvement strategies across conditions. 
Outcomes
D2B Time
We calculated mean and median observed D2B time at the hospital level using the GWTG-CAD data set. We used the same inclusions and exclusions as above to calculate the proportion of eligible patients with D2B time within 90 minutes at the hospital level. The denominator included all eligible patients, including those who did not receive percutaneous coronary intervention. Finally, we used the same inclusions and exclusions as above and calculated each hospital's risk-adjusted mean D2B time using adjusted hierarchical linear mixed models. Patient characteristics included in the model were age, sex, race, medical history of chronic obstructive pulmonary disease or asthma, diabetes mellitus, heart failure, hypertension, hyperlipidemia, previous myocardial infarction, peripheral vascular disease, renal insufficiency, stroke, transient ischemic attack, smoking, body mass index, and systolic blood pressure at admission. Hospital characteristics in the model were: region, hospital type, and number of beds.
DTN Time
We calculated mean and median observed DTN time between 2006 and 2009 at the hospital level using the GWTG-Stroke data set. We used the same inclusions and exclusions as above to calculate the proportion of eligible patients with DTN time within 60 minutes at the hospital level. The denominator included all eligible patients, including those who were not treated with intravenous tPA.
Finally, we used the same inclusions and exclusions as above and calculated each hospital's risk-adjusted mean DTN time using adjusted hierarchical linear mixed models. Patient characteristics included in the model were age, sex, race, medical history of atrial fibrillation or atrial flutter, previous stroke or transient ischemic attack, coronary artery disease or previous myocardial infarction, carotid stenosis, diabetes mellitus, peripheral vascular disease, hypertension, dyslipidemia, smoking, arrival on versus off hours, and stroke severity (National Institutes of Health Stroke Scale score). Hospital characteristics included were region, hospital type, number of beds, annual ischemic stroke volume, annual intravenous tPA volume, rural location, and primary stroke center status.
Statistical Analysis
Patient and hospital characteristics are described using proportions for categorical variables and means with SDs and medians with 25th and 75th percentiles for continuous variables.
The degree of correlation between observed hospital performance on D2B time for STEMI and DTN time for ischemic stroke is described using Spearman rank correlation coefficients. The degree of correlation between risk-adjusted performance on D2B time and DTN time was calculated using hierarchical linear regression modeling with the variables outlined above. First, site-level risk-adjusted mean D2B time and DTN time were calculated as follows. A predicted/expected ratio was calculated using the following modifications: (1) instead of the observed average D2B/DTN time, the numerator is the predicted mean time (D2B/DTN) by the hierarchical model among a hospital's patients using the hospital-specific random-effect estimate and (2) the denominator is the expected average D2B/DTN time among the hospital's patients given the average of all hospitalspecific effects overall. Then, the ratio of the numerator and denominator are multiplied by the observed mean D2B/DTN time across all hospitals and patients. This method is similar to that used by CMS to derive risk-standardized mortality rates. 20 To determine the degree to which hospital-level D2B time explains the variation in DTN time when controlling for patient factors, we used linear mixed models with a random site effect to determine intraclass correlation coefficient (ICC) in DTN times. First, an unadjusted model was fit with a random intercept for each hospital, and the ICC was calculated (ICC A ). Next, patient-level factors were added to the model as fixed effects, and the ICC was calculated (ICC B ). Then, hospital-level risk-adjusted mean D2B time was added to the model as fixed effects giving ICC C . Finally, other hospital-level factors were added to the model as fixed effects giving ICC D .
Next, to determine whether a hospital's performance on D2B time for STEMI is associated with performance on DTN time when controlling for patient case-mix differences, we used hierarchical linear regression modeling to calculate site-level D2B and DTN times. Hospital-level D2B times were calculated using the adjusted model described above. DTN times were then calculated using the above adjusted models and controlling for site-level D2B times.
Missing rates were minimal-most were <1% missing, except for arrival via EMS, which had a missing rate of 5.8% and National Institutes of Health Stroke Scale score, which had a missing rate of 11.4%. Multiple imputation was used to reduce missingness in all models; however, all medical history variables were imputed to no. The final estimate is the average of estimates computed on each of 25 imputed data sets. Finally, for our most contemporary analysis using GWTG-Stroke and Hospital Compare data, we used Hospital Compare data to determine the site-level proportion of eligible patients with D2B times within 90 minutes. We then used Spearman rank correlation coefficients to calculate the correlation between hospitals' D2B time within 90 minutes and DTN time within 60 minutes.
Results
Patient and Hospital Characteristics
Patient and hospital characteristics are presented in Table 1 . Ischemic stroke patients were slightly older and more often women than STEMI patients and more often presented to academic/teaching hospitals. 
Correlation in Hospital Performance
Risk-Adjusted Performance
There was also no correlation in hospital-level risk-adjusted mean DTN and D2B times (r s =0.19; P=0.21; Figure 4) .
Of the unadjusted variation in DTN time, 17.2% was attributable to hospitals (ICC=0.172; Table 2 ). After including patient-level factors, the variation attributable to hospitals changed minimally (ICC=0.177). Including hospital-level risk-adjusted D2B time did not explain any of the hospitallevel variation in DTN time (ICC=0.181). Finally, adding hospital-level characteristics (region, hospital type, bed number, annual stroke volume, annual tPA volume, rural location, and primary stroke center status) explained 24.3% of hospitals' variation in DTN time (ICC in fully adjusted model 0.137). Hospital Performance on Stroke and STEMI
Contemporary Analysis
We then used data from Hospital Compare 2013 to 2014 and GWTG-Stroke to determine whether the relationship in hospital DTN time and D2B time has changed since our 2006 to 2009 primary study period. We found no correlation between hospital performance on the proportion of eligible patients with D2B time within 90 minutes and DTN time within 60 minutes (r s =−0.05; P=0.22; Figure 5 ).
Discussion
In this hospital-level analysis, we found no correlation in hospitals' performance on emergent reperfusion for AIS and STEMI. This finding held in both observed and risk-adjusted performance on door-to-needle time for AIS and D2B time for STEMI.
Although no previous studies have specifically focused on emergency care processes between conditions, similar work has examined whether hospital performance is correlated across conditions. One study examined performance on heart failure and STEMI process measures and found modest correlation in hospital-level performance between the conditions. 21 Another study by Heidenreich et al 22 found that hospitals with performance recognition awards for cardiovascular care (stroke, STEMI, and heart failure) were more likely to have high performance on CMS heart failure and coronary artery disease measures but did not necessarily have high performance on CMS pneumonia or surgical infection performance measures. Thus, although there may be spillover in hospital performance on related cardiovascular conditions, this does not seem to reflect an overall higher level of care delivery across all conditions. Just as previous work demonstrated spillover between performance on cardiovascular conditions, we also expected to find spillover in hospitals' performance on emergency reperfusion therapy for stroke and STEMI. Both processes are based in the ED, relying on rapid recognition, multidisciplinary team activation, and timely diagnostic evaluation and decision making. Yet we did not find evidence for such a spillover effect occurring between the conditions. This may be driven by differences in the emergency evaluation and care processes. For example, there is variability in patient presentation (chest pain versus various neurological complaints); the conditions have different diagnostic evaluation processes (ECG versus detailed neurological examination and brain imaging usually head computerized tomographic scan); and the conditions have different team leadership (cardiology versus neurology). Furthermore, this team leadership manifests differently between the conditions. A STEMI patient has a brief ED stay; STEMI recognition by the ED team is rapidly followed by patient transport to the intervention suite by the cardiology team. In contrast, after identification of a patient with a possible stroke, the neurological evaluation continues in the ED and is largely led by the stroke team. Given that obtaining an electrocardiogram and a head computerized tomography are often streamlined processes in an ED, the period from diagnostic evaluation to initiation of therapy may be where greater variation in process and performance occurs. 23 Thus, rather than D2B and DTN times, we might consider whether ischemic stroke picture-to-puncture time for endovascular therapy is the more appropriate time period to compare to D2B time.
This lack of correlation between emergency STEMI and ischemic stroke care may also reflect the different degrees of investment that have been made in process and quality improvement for the 2 conditions over time. 10 As illustrated in Figure 5 , performance on D2B time for STEMI is high overall-all hospitals achieved D2B time within 90 minutes in at least 60% of patients. In contrast, DTN time performance for AIS leaves much more room for improvement, with a lower and wider range of hospital performance. It is also possible that we did not find a correlation in performance on reperfusion for stroke and STEMI because the correlation is time shifted. For example, if there is a phase delay between quality improvement interventions and performance improvement, then this analysis may have missed the correlation. Finally, the lack of correlation in hospital performance on D2B time for STEMI and DTN times for AIS may reflect that different hospitals have different priorities. This may signal that few hospitals prioritized quality improvement efforts for both conditions.
Given this lack of correlation between hospital performance on timely reperfusion for ischemic stroke and STEMI, it will be necessary to understand the distinct drivers for ischemic stroke care. Future work may focus on exploring characteristics of hospitals with high versus low performance to better inform future quality improvement efforts for ischemic stroke.
Yet, beyond condition-specific quality improvement efforts, it is equally important to consider how to implement quality improvement processes that will raise all ships. For example, within organizations, performance improvement tends to be siloed by discipline or by department, and it may be that more interdisciplinary performance improvement work is needed. Rather than focusing on a specific condition, how can we incorporate more interprogram collaborations? When considering emergency care of stroke and STEMI, we might focus on using the prehospital and ED settings to catalyze cross-fertilization of knowledge and process improvement protocols. Although acute stroke and STEMI teams rarely interact as a whole, they do share common ED space and staff. Prehospital notification and system activation protocols for STEMI may inform approaches for AIS. Lessons learned in trauma systems may inform both. ED triage nurses and emergency physicians may facilitate interprogram collaborations, enabling stroke processes to benefit from the best practices and process improvements that have already been realized for STEMI or trauma systems. Both hospitals and patients would benefit from such improved collaboration and streamlined, synergistic approaches.
Outside of the ED, we may also consider overall hospital structural and cultural changes that will lead to improved quality of care delivery. Wang et al 21 found that hospitals with high performance on both STEMI and heart failure measures had lower risk-adjusted mortality. Thus, there may be global, hospital-level commitments to quality that are manifested in improved quality of care delivery and lead to better patient outcomes. Hospitals achieving such outcomes may have differences in infrastructure, information technology, leadership commitment, mechanisms for feedback and accountability, or other yet-unidentified processes that elevate institutional quality globally. This will be a fruitful area for future quality improvement research.
Our study does have several limitations. First, our primary analysis focuses on hospital performance from over 5 years ago. Although this was an inherent limitation of our data, our secondary analysis confirmed similar findings in a more up-todate analysis. Second, measurement error related to the use of summary statistics for hospital performance may have attenuated our ability to find a correlation; however, it is unlikely that our findings are because of this alone. Finally, the number of hospitals participating in both GWTG-Stroke and GWTG-CAD is small (43 hospitals, relative to the >2000 hospitals in GWTG-Stroke), and this may be a biased representation of hospitals given that our primary analysis was limited to hospitals choosing to participate in quality improvement registries for both conditions. However, we would expect that this selection bias would lead to more correlation in performance between conditions given hospitals' commitment to registry participation for both conditions rather than the lack of correlation that we found.
Despite these limitations, our findings have important implications. This analysis adds to the existing literature that there is not a significant spillover in hospital performance on different conditions and adds to the imperative for more system-wide approaches to quality improvement. Rather than singularly focusing on process improvement for individual conditions, there may be value in efforts to improve timely care for multiple acute disease states with more coordinated efforts. There is the potential for synergy between AIS and STEMI process improvement to implement more widespread, broad-reaching system-level changes.
Conclusions
We found no significant correlation between hospitals' performance on D2B time for STEMI and DTN time for ischemic stroke. Future research should consider how to implement synergistic quality improvement strategies across conditions. 
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